Groundwater development and use have been increasing in Korea causing frequent occurrences of related hazards such as groundwater level decline, land subsidence, and groundwater contamination. To tackle these groundwater problems, central and local governments have set-up and maintained many groundwater monitoring programs such as the National Groundwater Monitoring Network and the Groundwater Quality Monitoring Network, which collect very valuable data on the overall status of domestic groundwater to aid proper groundwater management. However, several problems mainly related to the remediation of contaminated groundwater remain unresolved. Recently, there have been some incidents related to the contamination of groundwater, and these have drawn the concern of the Korean people. Although groundwater contamination has been investigated in detail, actual groundwater remediation work has not yet been implemented. The remediation of the contaminated groundwater must begin immediately in order to sustain the ecosystem service of clean groundwater and enhance the welfare of the Korean people.
Introduction
Groundwater is basically a ubiquitous resource even though the amount available varies widely with location. For a long time, Koreans have used groundwater from various sources such as shallow hand-dug wells (Woomul), community drinking water sources expecting health benefits (Yaksu), and hot springs (Oncheon) (Jeong et al., 2002; Sung, 2008; Kim et al., 2011; Lee, 2013) . Nowadays, most of the Korean, from children to elderly people, consume various brands of commercial bottled groundwater (drinking Saemmul). However, many Koreans are unaware that this water has its origin in the subsurface groundwater. Furthermore, most Koreans believe that only water from mechanically drilled wells is groundwater and that drinking Saemmul (bottled groundwater) is different from the general groundwater. Even groundwater professionals and the relevant governmental officials erroneously think that the use of groundwater for drinking is low in Korea, even though they consume groundwater on a daily basis.
With rapid economic development, groundwater development and use has also been gradually growing to cater to the various demands for water supply Park et al., 2011) . Consequently, related hazards such as groundwater depletion (large drawdowns), land subsidence, and groundwater contamination have been often reported (Jeong, 2001; Park et al., 2005; Chae et al., 2008; Baek and Lee, 2011; Lee, 2011; Song et al., 2011) . In addition, recent global climate change is expected to aggravate the groundwater condition (Woo, 2013) . Further, governmental investment in groundwater conservation and management has not been sufficient.
So far, in Korea, groundwater resources have been available for free or for a very low cost, and many Koreans still do not perceive groundwater as an economic or public resource (Hahm, 2010; Kang, 2012) . Furthermore, the ecoservice of clean groundwater has been disregarded.
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The first and official remediation of contaminated soil was undertaken in 2001 at Moonhyeon, Busan (a former military site). Since then, soil remediation efforts have been increasing and so have the relevant R&D (Lee and Lee, 2004) . However, the groundwater situation is very different.
Recently, many groundwater-related accidents and/or problems have been reported, including groundwater contamination in the Chilgok (United States Forces Korea: USFK) base, the hydrofluoric acid spill in the Gumi industrial complex, the environmental concern in the foot-and-mouth disease (FMD) burial sites, the oil leaking around the Noksapyeong subway station, and groundwater contamination with organic solvents in many industrial areas. In response to these accidents, detailed investigations have been undertaken, and some of these have revealed severe groundwater contamination. However, remediation of the contaminated groundwater is not being currently implemented, and this is related to a variety of reasons encompassing political, economic, and technical issues.
In this paper, we briefly review the groundwater situation in Korea, including its development and use, its monitoring, its contamination and the remediation technologies available for contaminated groundwater. We emphasize on the need for active remediation of contaminated groundwater, irrespective of the many related obstacles, in order to sustain groundwater use and guarantee the eco-service of clean groundwater.
Current Status of Groundwater in Korea

Groundwater Development and Use
In Korea, data on groundwater development and use have been recorded since 1995 when the Groundwater Law (Act) was enacted (Kim et al., 1995) . However, in recent times, domestic groundwater use has been decreasing slightly while its use in agriculture has been increasing steadily. From this historic data for 1996 to 2011, we can expect that groundwater use in Korea will increase at least in the near future.
Groundwater Monitoring
There are two primary nationwide groundwater monitoring networks and a few secondary (auxiliary) monitoring networks in Korea (Table 1 ). The first primary network is the National Groundwater Monitoring Network (NGMN), which has been managed by the Ministry of Land and Transport, and the Korea Water Resources Corporation (KWater) since 1995, and it mainly monitors groundwater quantity nationwide (Kim et al., 1995; Lee et al., 2007) . As 3) 41 to 50% of the coastal groundwater was affected by seawater intrusion .
It has been shown that groundwater in some urban areas is severely contaminated with various organic compounds (Park et al., 2005; Lee et al., 2010; Baek and Lee, 2011) .
From analyses of the data and results, we acknowledge that the groundwater monitoring programs are functioning appropriately.
Groundwater Contamination
With increasing public concern regarding groundwater contamination, relevant investigations have been widely conducted (Lee, 2011) . Here, we review two significant groundwater contamination accidents and draw relevant implications.
Groundwater contamination with organic solvents, espe- cially TCE, in an industrial complex of Wonju city was first found from a groundwater quality monitoring network (GQMN) survey in 1995 (Yu et al., 2006; Baek and Lee, 2011) . Successive detailed investigations revealed that groundwater contamination was severe and widespread in most of the industrial area, and the contaminants of concern, in addition to TCE, also included PCE, CT and CF (Baek and Lee, 2011; . Yu et al. (2006) designated the Asphalt Test Institute of the Gangwon Road Maintenance Office (GRMO), located upgradient of the complex, as the contamination source (Fig. 2 ) based on topography, hydrogeology, TCE use history, and soil contamination. The contaminated soil within the GRMO was remediated using a low thermal desorption method (Jo et al., 2010) . However, a practical remediation of the contaminated groundwater has not been undertaken so far.
There are some technical problems behind not carrying out the remediation. The most important issue is about the apportionment of the TCE contamination. Apart from the Asphalt Test Institute, there are also other plausible sources of contamination of the groundwater such as a molding company, even though they are not expected to contribute to the contamination to a great extent (Baek and Lee, 2011; . Although it is practically obvious that the Asphalt Test Institute is the main source of the TCE contaminated groundwater at this site, the GRMO has not admitted responsibility for the contamination and has continuously suspended the remediation work of the contaminated groundwater.
Another important groundwater contamination accident was the oil (a mixture of a little part of gasoline and a majority of kerosine) spill in the sump of the Noksapyeong subway station (line #6), which is widely known from the mass media. From detailed investigations by both the Korean and the US sides, which factored in topography, hydrogeology, groundwater flow and contaminant analysis, it was recognized that the gasoline component was derived from the south post of the Yongsan Garrison (Fig. 3) . However, there is still a dispute about the origin of the kerosine (nearly same with JP-8) in the subway (the US side denies its origin is from the garrison) even though the hydrogeologic conditions all indicate that the most plausible source is the garrison (Segye Daily, 2004) .
The Seoul metropolitan government has conducted a response work (basically pump and treat, but the details are 
Remediation Technologies for Contaminated Groundwater in Korea
It is difficult to discuss remediation technologies for contaminated groundwater because there have not many groundwater remediation projects in Korea , and if any, most of them have been treated as subsidiary work of the main soil remediation projects. A few mass media articles reported that bioslurping technology was applied as a response action for the petroleum contaminated groundwater and free product in some of USFK bases including Camp Page in Chuncheon and Yongsan Garrison in Seoul (Gangwon Daily, 2006; Yonhap News, 2007) . Bioslurping is an integrated remediation method that simultaneously treats contaminated groundwater, free product, and hydrocarbon vapor in the subsurface by supplying vacuum (Baker and Bierschenk, 1996; Yen and Chang, 2003) . However, the effectiveness of the bioslurping system for contaminated groundwater has not been examined in Korea.
There have been few research projects for developing remediation technologies of contaminated groundwater suitable for Korean hydrogeologic conditions. A field based research project to develop methods for treating DNAPL contaminated groundwater began recently in Wonju (Baek and Lee, 2011; Lee et al., 2012; . In this research project, a cost-effective pump-and-treat technology, a combined bioaugmentation and cosolvent/surfactant flushing technology for hot source zone, and an integrated advanced oxidation and bioremediation technology for dispersed DNAPL plume have been studied (Lee, 2010) . After the field demonstration, the remediation technologies for contaminated groundwater that have been developed will be practically applied in real sites, including the Wonju site.
Conclusion
We have briefly reviewed the groundwater situation in Korea. Although there have been substantial developments in groundwater investigation, monitoring, and management, 
